Abstract-An elevated red blood cell (RBC) sodium-lithium countertransport (Na-Li CT) is associated with high blood pressure (BP) in cross-sectional investigations; however, its value as a predictor of future hypertension, and thus of cardiovascular risk, has not been defined. The present study evaluated the association between Na-Li CT and risk of future hypertension in a sample of 106 untreated normotensive middle-aged men participating in the Olivetti Prospective Heart Study in southern Italy. BP, anthropometric and metabolic variables, and RBC Na-Li CT were measured at baseline in 1987 and at a follow-up visit in 1994 through 1995. Na-Li CT was stable over time (rϭ0.85) and was significantly associated to systolic BP in both visits. Of the 106 initially normotensive participants, 14 were found to be hypertensive at the 8-year follow-up examination. Eleven of these 14 hypertensives were in the highest tertile of systolic BP at baseline, and 9 of 11 also had an elevated baseline Na-Li CT. In multiple logistic regression analysis, baseline BP, Na-Li CT, and age were all significant predictors of the risk of future hypertension. Individuals with baseline systolic BP in the highest tertile had a 60% risk of developing hypertension if their Na-Li CT was also high, whereas their risk was only 5% if Na-Li CT was in the two lowest tertiles (Pϭ0.003). RBC Na-Li CT was a valuable predictor of subsequent hypertension in middle-aged men with a high-normal BP level for their age. (Hypertension. 1998;31:1284-1289.)
T he Na-Li CT is an ion transport system that exchanges sodium for sodium or other univalent cations. 1 It was brought to clinical attention by Canessa and coworkers, 2 who reported that its activity was enhanced in erythrocytes of patients with essential hypertension, a finding confirmed by many epidemiological and clinical studies thereafter. [3] [4] [5] [6] The interest in this membrane transport system was enhanced by the notion that its activity was under tight genetic control [7] [8] [9] and that it was remarkably stable within individuals. 10 Because of these properties, even though its physiological role in vivo has not been fully clarified, 5 Na-Li CT is considered a genetic marker of essential hypertension 11 and, in particular, of those clinical forms of hypertension that are associated with resistance to the metabolic effects of insulin. 4, [12] [13] [14] The majority of the studies exploring the relationship of Na-Li CT to human disease have been cross-sectional population-based observations or case-control investigations comparing hypertensive versus normotensive individuals. 5, 6 Very few studies have tried to identify whether Na-Li CT predicts the risk of future hypertension, and their results have been controversial. [15] [16] [17] We attempted to provide an answer to this question by analyzing a data set from the Olivetti Heart Study, a prospective investigation on the prevalence of risk factors for cardiovascular disease in southern Italy initiated in 1975 and involving the participation of the Olivetti factory male workforce.
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Methods
After the first examination in 1975, study participants underwent a first follow-up visit in 1987, when 841 employees were examined; they represented 95% of the factory male workforce after exclusion of those receiving chronic medical treatment. 18 On that occasion, Na-Li CT was measured for the first time (hereafter referred to as the baseline measurement) in a randomly selected sample of 216 study participants 13, 19 ; complete demographic, anthropometric, and biochemical data were available for 188 of the participants. Of this group, 124 were normotensive (BP Ͻ140/90 mm Hg).
A second follow-up visit took place in 1994 through 1995. At this time, 110 of these 124 previously normotensive subjects were examined, and 106 (87%) had Na-Li CT measured again; in four cases, Na/Li CT was not measured for technical reasons. The average length of follow-up was 8 years. This group of participants are the subjects of the present report. Fourteen subjects were lost to follow-up: 8 were not willing to participate, 3 were no longer working in the factory, 1 had moved to a different city, and 2 died of neoplastic disease. They were comparable to the 106 subjects reexamined with regard to all relevant baseline characteristics.
At both visits, in 1987 and 1994 -1995, the participants were seen in the morning, after fasting for at least 13 hours, in a comfortable environment within the factory premises in Pozzuoli and Marcianise (two suburban areas of Naples). Anthropometric indices and BP were measured according to a carefully standardized protocol as previously reported. 18, 19 A fasting venous blood specimen was obtained for the measurement of RBC Na-Li CT and levels of plasma glucose, serum cholesterol, triglyceride, and uric acid. The rate of sodium-stimulated lithium efflux from lithium-loaded erythrocytes was measured at 150 mmol/L external sodium concentration according to Canessa et al 2 with slight modification as described. 19 This parameter has for a long time been considered as the Na-Li CT maximal velocity. However, more recently it has been recognized that in a few individuals with lower affinity of the transporter for external sodium, the transporter may not be fully saturated at 150 mmol/L external sodium, and thus the rate of lithium efflux measured under these experimental conditions may not reflect true maximal velocity. 14,20 -22 Technical error and day-to-day withinindividual coefficient of variation were consistently below 10% throughout the study.
Serum cholesterol, triglyceride, glucose, and uric acid levels were measured with automated methods (Cobas Mira, Roche) as previously described. 13 All medical and technical operators involved in the field and laboratory measurements on the occasion of the follow-up visit were unaware of the results of the baseline examination.
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS-PC). The distributions of serum triglyceride and blood glucose were normalized by log transformation, and log-transformed values were used in the analysis. Pearson linear correlation was used to test the univariate associations of Na-Li CT with the other variables under study, and multiple logistic regression analysis was used to test the ability of selected variables measured at baseline to predict the risk of future hypertension accounting for the effects of the others. Two-tailed paired or unpaired Student's t test was used as appropriate to evaluate differences in the mean values of specified variables between groups. Cross-tabulation analysis with Fisher's exact test was used to analyze the distribution of cases of incident hypertension across tertiles of specified variables. Twotailed values of PϽ0.05 were taken as statistically significant.
To evaluate the power of Na-Li CT as a screening test for future hypertension, sensitivity, specificity, and predictive values were estimated by standard calculations. 23 All data is expressed as meanϮSD or 95% confidence intervals.
Results
The study population included 106 normotensive men aged from 22 to 57 years (Table 1) . During the 8-year follow-up period, systolic BP increased by an average of 6 mm Hg, whereas diastolic BP remained unchanged. Body weight and BMI also increased. Serum uric acid and fasting blood glucose in 1994 -1995 were significantly higher than at baseline: 6 subjects had glucose values in the diabetic range (ie, Ͼ7.8 mmol/L) at this time compared with only 1 at the baseline visit in 1987. There was also an increase in RBC Na-Li CT. The last column in Table 1 gives the simple correlation coefficients between the two measurements performed on each variable 8 years apart: the highest correlation coefficient was that of Na-Li CT, whereas the lowest coefficients were those of systolic and diastolic pressures.
In univariate analysis (Table 2) , RBC Na-Li CT was significantly and positively associated with systolic pressure and fasting blood glucose in the baseline examination in 1987.
These associations were confirmed and became stronger at the follow-up visit in 1994 -1995, at which time significant and positive correlations were also observed between Na-Li CT and diastolic pressure and serum triglyceride concentration, respectively.
Selected Abbreviations and Acronyms
BMI ϭ body mass index BP ϭ blood pressure Na-Li CT ϭ sodium-lithium countertransport RBC ϭ red blood cell At the follow-up visit in 1994 -1995, 14 untreated and previously normotensive individuals were classified as hypertensive (systolic BP Ն140 mm Hg and/or diastolic BP Ն90 mm Hg). The subjects in the hypertensive group were older and had higher BP at the baseline visit (Table 3) . They also tended to have higher fasting blood glucose levels and to be heavier than persons who remained normotensive, although these differences were not statistically significant. A tendency to lower serum cholesterol concentration in this group at baseline was no longer significant at follow-up examination. RBC Na-Li CT was significantly higher in those who became hypertensive, both at baseline and at the follow-up visit. In general, the differences between the two groups, including that in Na-Li CT, were amplified across the 8-year observation period because BP, glucose, uric acid, and RBC Na-Li CT increased only or to a larger extent in those who became hypertensive.
Multiple logistic regression analysis was performed to assess the relative influence of baseline RBC Na-Li CT, BP, age, BMI, serum triglyceride level, and glucose concentration on the risk of future hypertension. Two different models were used with the alternative inclusion of systolic or diastolic pressure (Table 4 ). This analysis confirmed that BP and Na-Li CT were both significant independent predictors of the risk of future hypertension. In particular, placement in the higher tertile of Na-Li CT was associated with an approximate threefold increase in the risk of future hypertension in comparison to placement in the two lower tertiles. Systolic and diastolic BPs were both significant predictors of the risk of becoming hypertensive, and age also gave a small independent contribution in this sample of middle-aged individuals with a narrow age range.
When the whole study population was divided into tertiles of baseline systolic pressure (Table 5) , it was found that 11 of the 14 subjects who became hypertensive during the follow-up period were in the upper tertile (systolic pressure between 121 and 139 mm Hg), 3 subjects were in the second tertile, and none were in the lowest tertile (Fisher's exact test, Pϭ0.005). Similar data were obtained when the population was divided into tertiles of diastolic BP (10, 4, and 0 subjects, respectively). Table 6 shows the distribution of the 14 cases of incident hypertension when the whole population was divided by tertile of baseline RBC Na-Li CT. Similar to the findings for BP, over two thirds of the newly discovered hypertensive subjects belonged to the upper tertile of the distribution of baseline Na-Li CT (Fisher's exact test, Pϭ0.004).
As shown in Tables 5 and 6 , all the newly discovered hypertensive subjects who were in the upper tertile of baseline Na-Li CT were also in the upper tertile of baseline systolic pressure. On the other hand, although most of the incident cases of hypertension came from the upper tertile of baseline systolic pressure, the majority of persons in this tertile (26 of 37 subjects) did not actually develop high BP during the 8-year observation period (Table 5) . We asked therefore whether baseline Na-Li CT could be of value in discriminating further, among persons in the upper tertile of baseline BP, who would become hypertensive from those who would remain normotensive after 8 years. As shown in the Figure, this analysis showed that 9 of the 11 newly discovered hypertensives who were in the upper tertile of baseline BP also had a baseline Na-Li CT in the upper tertile of the distribution, and only 2 of these hypertensive subjects had a countertransport in the two lower tertiles (two-tailed Fisher's exact test, Pϭ0.003).
From this data and the data shown in Tables 5 and 6 , the power of baseline RBC Na-Li CT to predict the risk of future hypertension in our study population was calculated. In Table  7 , sensitivity, specificity, and predictive values are given under the two circumstances in which the test of Na-Li CT is applied to the whole study population or only to those who had a systolic BP at baseline in the upper third of the distribution (high-normal BP). The test was considered positive if Na-Li CT was above the cutoff level for the upper tertile (ie, Ͼ311 mol/L RBC per hour). The sensitivity of the test improved significantly when its application was restricted to persons with high-normal BP at baseline; in turn, its positive predictive value was enhanced. The data thus lead to the estimation that among middle-aged men with highnormal BP, an elevated Na-Li CT (ie, a Na-Li CT in the highest tertile) confers a 60% probability of becoming hypertensive in 8 years. More important, however, is the result of the negative predictive value of Na-Li CT, since an individual with Na-Li CT in the low-mid ("normal") range had only a 5% probability of becoming hypertensive even if he had a BP level in the high-normal range.
Discussion
The interest in Na-Li CT in the cardiovascular research arena is still very much alive 6 16 years after the report by Canessa and coworkers. 2 The academic interest in this marker of hypertension and of insulin resistance, however, has not been matched by a proportionate attention from clinicians and health professionals, because its practical value as a predictor of future hypertension, and thus of cardiovascular risk, has not been defined. 5 The ongoing Olivetti Prospective Heart Study offered a good opportunity to investigate the prospective relationship between Na-Li CT and BP in a sample of untreated normotensive middle-aged men. In the analysis of the available data set, we tried to answer the question of whether the measurement of Na-Li CT may or may not be of practical value in predicting the risk of future hypertension in normotensive individuals.
Although the number of participants was relatively small, the study had a long follow-up and included only untreated individuals in whom BP was directly measured both at baseline and at follow-up examination and in whom Na-Li CT was measured twice 8 years apart with an identical protocol in the same laboratory.
The study confirmed that Na-Li CT has very small intraindividual variability and great stability over time, two properties that make it an ideal candidate as a marker of future disease. It also confirmed the statistical associations between Na-Li CT and a number of biochemical variables related to lipid and carbohydrate metabolism, in agreement with previous studies.
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Distribution of RBC Na-Li CT in subjects with high-normal systolic pressure at baseline (nϭ37). OE indicates subjects who developed high BP during follow-up (nϭ11); E, subjects who remained normotensive (nϭ26). Baseline BP (particularly systolic pressure) was a significant predictor of the risk of the development of hypertension, and most of the newly discovered hypertensive subjects had a BP value in the so-called "high-normal" range at baseline. The tracking of BP is a well-recognized phenomenon 24, 25 ; it implies that those who will become hypertensive tend to have, at any time earlier in their life, a BP value in the upper part of the distribution for their gender and age. Nevertheless, in multivariate analysis accounting for the effects of BP, age, body mass, serum glucose, and triglyceride concentration, Na-Li CT maintained a large independent effect in predicting the risk of future hypertension in this population of untreated and initially normotensive middle-aged men.
Cross-tabulation of the cases of incident hypertension by tertile of baseline Na-Li CT showed that over two thirds of the cases came from the highest tertile. Moreover, if one looks specifically at the group of participants with highnormal BP at baseline (those at particularly high risk), the sensitivity of Na-Li CT in predicting the risk of future hypertension in this group increased further, since 9 of 11 cases had a high Na-Li CT at baseline (Figure) .
The most important finding of the study is the very high negative predictive value of Na-Li CT among persons with high-normal BP, inasmuch as an individual with Na-Li CT in the low-mid range had only a 5% probability of becoming hypertensive, despite his high-normal BP level. This finding may have important practical implications because the majority of persons with high-normal BP (based on a casual BP measurement) do not become hypertensive; our study supports the view that these individuals could be identified through the measurement of Na-Li CT. This property confers to Na-Li CT a predictive power that is additive to that of BP.
In our study, only the standard assay of Na-Li CT was performed with no evaluation of the kinetic parameters of the transporter, the significance of which was not fully appreciated at the time the study was originally planned and that would have hardly been compatible with the constraints of the work in the field. Nevertheless, in careful kinetics studies, a very high correlation (rϭ0.90) has been found between the conventionally measured lithium transport rate and the true maximal velocity of the transporter. In particular, it has been noted that for countertransport values in the low-mid range, the transporter true maximal velocity tends to be only slightly higher than the activity measured with the standard assay, whereas for values in the upper part of the distribution (thus mostly in hypertensive subjects), the difference between the two values becomes larger.
14 This means that measuring the true maximal velocity can be expected to lead to a better separation between normotensive and hypertensive individuals; in turn, the ability of the test to predict the risk of future hypertension could be further enhanced. Its cost-effectiveness, however, would be substantially reduced because of the longer time needed to carry out a kinetic study.
Other potential limitations of the present study include the small sample size, particularly for those participants with high-normal BP. This would lead to a lack of sufficient statistical power to detect a difference. Our study, however, had sufficient statistical power to detect a significant association between Na-Li CT and incidence of hypertension. The relatively narrow age range of our participants and the lack of information on women may represent another limitation of our study as to its generalizability. Some recent studies reported conflicting data concerning the association between an elevated Na-Li CT and high BP in women. 17, 26 Therefore, caution should be used in extrapolating our findings to a broader segment of the population not included in our study.
Little and controversial information exists on the ability of the RBC Na-Li CT to predict the risk of future hypertension. [15] [16] [17] In a 7-year follow-up study by Hunt and coworkers 15 on a large cohort of adult members of Utah pedigrees with a high prevalence of cardiovascular disease, Na-Li CT was found not to be a significant predictor of future hypertension; however, in that study BP was not directly measured, with the outcome being based on the participants' responses to a questionnaire asking whether they had been given antihypertensive therapy by a physician. The number of cases detected in this way was surprisingly low (40 of 1482 participants). Moreover, as acknowledged by the authors, the particular cohort studied was not representative of the general population. In another article, the same authors reported that a subset of individuals identified as carriers of a "high countertransport genotype" experienced a four to five times higher rate of hypertension. 16 A more recent study focused on the relationship between baseline Na-Li CT and development of hypertension over a 6-year period in a large adult population sample in central Italy. 17 In this survey, the incidence of hypertension was higher in individuals with Na-Li CT in the upper quartile than those in the three lower quartiles; however, the predictive ability of Na-Li CT appeared to be weaker compared with our data, and statistical significance was reached in female but not male participants. There may be several possible explanation for these discrepancies: methodological variability in the measurement of Na-Li CT, broader age range enhancing population heterogeneity, and shorter duration of follow-up in the Gubbio study.
Speculation about the mechanism(s) of the association between Na-Li CT and risk of future hypertension is beyond the scope of this article. It is not clear whether an abnormal countertransport activity is the expression of a genetic defect etiologically related to hypertension or of a genotype that is associated but not causally related to hypertension or a step in the pathogenetic chain leading to high BP. In this regard, it may be of interest that the newly discovered hypertensive subjects had, as a group, a higher fasting blood glucose level at baseline than those who remained normotensive (Table 3 ). The increase in their blood glucose, occurring during the 8-year observation period at the same time that BP increased, was remarkable: such an increase was almost threefold that observed in the normotensive group. It should also be noted that among the 6 subjects who developed diabetes during the follow-up period, those who had an RBC Na-Li CT in the upper tertile at baseline (3 of 6) were those who also developed hypertension. The concomitance between the development of high BP and this metabolic perturbation might be related to the recognized relationship between altered Na-Li CT and diminished insulin sensitivity. 12, 13, 27, 28 In conclusion, our findings indicate that high-normal BP and elevated RBC Na-Li CT were both significant and independent predictors of future development of hypertension in a group of middle-aged men. In particular, Na-Li CT was especially useful in discriminating participants with highnormal BP who did progress to develop hypertension from those whose BP remained within the normal range over time. Continued follow-up of our study population and other prospective investigations involving women and younger age groups are warranted to reinforce these results.
